Attempts to induce immunity against Ehrlich ascites carcinoma in inbred mice have been the subject of considerable studies in recent years (1) (2) (3) (4) . Various procedures were employed with varying degrees of success to prepare altered cancer cells which would be effective in producing resistance to subsequent transplant of the carcinoma cells. McKee et al. (5) failed to induce immunity by pretreatment of mice with Ehrlich ascites cells that had been killed by desiccation, freezing and thawing, mechanical grinding, and supersonic waves. Revesz (6) , and Donaldson and Mitchell (7) were successful to protect mice by immunization with X-irradiated carcinoma cells. Recently, Donaldson and North (8) demonstrated that repeated injections of tumor cells inactivated with nitrogen mustard resulted in a high degree of immunity.
The present report deals with attempts to induce immunity in dd strain of mice against Ehrlich ascites carcinoma by use of cells treated with various chemical agents.
METHODS
Animals : Male dd mice, weighing 17 to 21 g, were used in this study. They were kept on a standard pellet diet and water supplied ad libitum.
Tumor : Ehrlich ascites carcinoma was maintained in dd mice by weekly intraperi toneal injections of 0.3 ml of ascites exudates. The tumor, when injected intraperitone ally in a dose of 8,000-10,000 cells, grew progressively in the mice, killing the hosts in about 30 days. Tumor cells used for experiments were withdrawn from 2 or more mice that had received intraperitoneal transplants of 2 x 10' cells per mouse 7-10 days pre viously. The pooled ascites fluids were centrifuged for 10 minutes at 1,500 rpm and then washed three times with Krebs solution. The packed cells were suspended in Krebs solution to one-half of the original ascites volume. For challenge transplants the suspension was diluted with Krebs solution, so that 1 ml contained about 3 x 104 cells.
Efforts were made to use aseptic technic and to maintain a temperature of not over 5°C throughout the procedure.
Tumor cells employed for immunization were prepared by treating the washed tumor cells with the reagents to be studied, under conditions specified below and, after thorough washing, by resuspending them in Krebs solution to give a concentration of 103 cells per ml.
Immunization Tests: In each experiment were 2 0roups of 'mice, controls and test animals. Test animals received a single intraperitoneal injection of 0.5 ml of a chemical ly treated tumor cell preparation. Three weeks later the mice were given intraperi toneally a challenging dosage of non-treated viable tumor. An equal number of normal control mice also received the challenge injection. Mice were examined daily for deve lopment of tumor, and death, if occurred, was noted. Experiments were terminated at 90th day after the challenge injection. Animals dying during experimental period and surviving at the termination of experiment were all autopsied,' and gross pathological incidence of organs was observed. Smears made from peritoneal cavity were stained with May-Grunwald-Giemsa solution and examined microscopically for tumor cells. Mice which died from obvious intercurrent disease or by any accident were omitted from consideration.
Reagents : The che_ Tlical agents used for preparation of tumor vaccines were (a) acetic anhydride, (b) monoiodoacetic acid, (c) methyl-bis-(Q-chloroethyl)-amine-N-oxide (nitrogen mustard N-oxide ; Ni'tromin), and (d) sodium nitrite.
RESULTS

L Effect of Chemical Agents on Transplantability of Ehrlich Ascites Carcinoma Cells
The first series of experiments was designed to establish the dosages of agents neces sary to prepare nonviable tumor vaccine. The conditions employed for chemical treat ment were selected so that upon microscopic examination of tumor cells the alteration of nuclear appearance was minimal. Washed tumor cell suspension was treated with the respective agents as follows :
(a) Acetic anhydride. To 20 ml of chilled tumor cell suspension were added 20 ml of a saturated sodium acetate solution and subsequently 2.4 ml of acetic anhydride. The mixture was kept in an ice-water bath for 30 minutes to 2 hours.
(b) Monoiodoacetic acid. One part of tumor cell suspension was treated with one part of 0.2 M monoiodoacetate in Krebs solution (adjusted to pH 6 with N-NaOH) at 0°C for 30 minutes to 2 hours.
(c) Nitrogen mustard N-oxide (Nitromin). Three different concentrations of Nitromin, i.e., 50, 5, and 0.5 mg/ml, were used. Nitromin was dissolved' and diluted in Krebs solu tion. Nitromin-treatment of tumor cells was carried out at two different temperatures, 0° and 3TC. An aliquot of Nitromin solution was added to an equal amount of tumor cell suspension. The mixture was kept at a temperature for definite periods of time, as indicated in Table 1. (d) Nitrous acid. HNO2-treatment was carried out in ice-water bath. One part of tumor cell suspension was mixed with one part of 4 M NaNO2. The mixture was then treated with gradual addition of two parts of 0.5 M acetate buffer '(pH 4.0) and allowed to stand in the cold for 15 or 60 minutes.
To insure uniformity of chemical exposure, the reaction mixture obtained was at once transferred into another flask, and the reaction proceeded under slow stirring. After completion of chemical treatment, the tumor cells were thoroughly washed and finally resuspended in the original volume of Krebs solution. The chemically treated tumor cells thus prepared were tested for their transplantability by injecting intraperitoneally 0.5 ml (5 x 10' cells) of the suspension into dd mice. In every experiment were included control groups of animals which were given an equivalent quantity of non-treated tumor cells that had been kept under identical conditions without addition of the reagents. The animals were carefully observed to determine the development of tumor according to the scheme described above. Tests were terminated ., after 90 days. The results of these viability tests are summarized in Table 1 . It is seen from the table that under conditions employed, the tumor cells were readily inactivated by any one of the chemicals tested. Thus, only 2 out of 7 mice injected with cell preparation exposed to 6% acetic anhydride for 30 minutes died of ascites tumor within 90 days after inoculation. Increasing the incubation time with the agent to 1 hour resulted in a complete loss of virulence. The virulence of tumor was not significantly influenced by a 30-minute exposure to 0,1 M iodoacetate, but a l-hour exposure was enough to render the cells totally inactive. The effect of Nitromin varied considerably with temperatures ; the viability of carcinoma was hardly affected by a 1-hour exposure to Nitromin (25 mg/ml) at 0°C, while the cells were completely inactivated following a 15-minute ex posure at 37°C. At lower concentrations (2.5 mg/ml or 0.25 mg/ml) Nitromin exerted little or no effect upon the transplantability of tumor. A 15-minute incubation of the tumor cells with 1 M nitrous acid at 0°C resulted in a total loss of transplantability.
II. Immunization Experiments with Chemically Devitalized Tumor Cells
Being considered the results of the viability tests aforementioned, the following pre parations of tumor cells were used for immunization : the tumor cells treated with (a) 6% acetic anhydride at 0°C for 1 hour, (b) 0.1 M monoiodoacetate at 0°C for 1 hour, (c) Nitromin (25 mg/ml) at 37TC for 15 minutes, and (d) 1 M nitrite at 0'C for 15 minutes and 1 hour.
Groups of dd mice received intraperitoneally 0.5 ml (about 5 x 10' cells) of one of these chemically devitalized tumor vaccines. Control groups of non-vaccinated animals were included in every experiment. Three weeks after vaccination, the mice were chal lenged for immunity by intraperitoneal injection of viable cells.
The transplants grew progressively in most of the vaccinated animals except in the groups of animals immunized with the HNO2-treated tumor cells, but there were considerable differences in survival times of mice among the respective vaccinated groups. Results are tabulated in Table 2 . to 4,000 r of X-irradiation gave an optimum production of resistance in mice , while 8,000 r was ineffective.
In our experiments different amounts of each of the chemicals were not studied in detail so that optimum conditions for individual agents may not have been achieved.
The fact that nitrous acid was more effective than any other chemicals tested , seems to be of particular interest, when considered together with our previous observations (9 , 10) 
